ABSTRACT
INTRODUCTION
Much attention and efforts are at present paid to the search for, and investigation of medicinal plants, including the evaluation of their potential harmful effects. Many plant species that are nowadays used in traditional medicine have proven their efficacy over the years but often such plants, or their extracts or preparations were never thoroughly tested for potential harmful side-effects. Many publications however have indicated that 'natural' does not necessarily mean 'safe'. Many traditional medicinal plants have already been identified as having genotoxic properties and other adverse health effects. [1] [2] [3] It is therefore important not only to investigate them therapeutically, but also to investigate the hazardous health effects of plants that are used or intended to be used, e.g., in traditional medicine or as food additives.
In this paper we present the results of an investigation on the genotoxicity of a number of plants that are widely used in traditional medicine in Egypt and abroad. These plants were (1) Ficus nitida (syn. of Ficus benjamina L.), (2) Ficus vasta, (3) Parkia africana (P. biglobosa (Jacq.) G. Don), (4) Pistacia lentiscus, (5) Ampelopsis brevipedunculata, (6) Derris robbusta, (7) Bauhinia racemosa, (8) Lagerstroemia tomentosa, (9) Cichorium intybus and (10) Bauhinia alba (syn. of Bauhinia variegata var. candida Voigt). Their medicinal use is summarized in Table 1 .
Methanol extracts of the pre-cited plants were investigated with two complementary genotoxicity tests, i.e., the bacterial Vitotox test and the alkaline comet assay which was conducted on a human C3A cell line. The Vitotox test is based on SOS-induction following DNA damage in bacteria, and is particularly interesting as it is a rapid pre-screening test which gives results that are highly comparable to those of the well-known Ames assay. The comet assay has numerous advantages especially in vivo, where virtually any tissue can be examined. The status of the in vitro comet assay in regulatory testing is much less clear although it appears to be more specific than other in vitro genotoxicity tests and less prone to false positive responses. 4 The test was therefore considered an adequate complementary assay to the Vitotox test. 
Ficus nitida
This plant is widely used in hedges or columns. The ficus pseudo fruit is used in the symptomatic treatment of constipation 21 whereas other use in folk medicine is essentially against respiratory disorders and certain skin diseases. 22 Usage is essentially from the leaves and as an infusion.
Ficus vasta
Ficus vasta leaves are used against rheumatism, pains and intestinal worms.
23

Parkia africana
The roots, bark, leaves, stems, flowers, fruits and seeds are used to treat a range of ailments including diarrhoea, ulcers, pneumonia, burns, coughs and jaundice.
24
Pistacia lentiscus
Mastic gum isolated from its leaves is used as a medicine for gastrointestinal ailments for ages. It is also used in the manufacture of plasters. The resin is used as a primary ingredient in the production of cosmetics such as toothpaste, lotions for the hair and skin, and perfumes. Mastic can also heal peptic ulcers.
25,26
Ampelopsis brevipedunculata
The fresh fruits, roots and leaves are antiphlogistic, depurative and febrifuge. Resolves clots. The plant is used externally in the treatment of boils, abscesses and ulcers, traumatic bruises and aches
27
Derris robbusta
Root juice mixed with the juice of Sida acuta is used for sore throat. Alcoholic extract of seeds showed significant in vitro activity against some human and plant pathogenic bacteria. The plant also has antifungal activities against keratinophilic fungi.
28
Bauhinia racemosa A methanolic extract of the stem and bark are used as an anti-inflammatory, analgesic and antipyretic. A methanolic extract of the flower buds is used in the treatment of peptic ulcer.
29
Lagerstroemia tomentosa
The bark of the plant is considered stimulant and febrifuge, leaves and flowers are used as purgative.
30
Cichorium intybus
Tea is made from leaves, stems and roots and used against jaundice. Chicory syrup is used as a tonic and purifying medicine for infants. The flowers are used as a herbal treatment of everyday ailments such as a tonic and appetite stimulant and as a treatment of gallstones, gastroenteritis and sinus problems.
31
Bauhinia alba B. alba is used for treating skin diseases, asthma, diarrhoea and as a blood purifier and tonic. 
MATERIALS AND METHODS
Samples collection
Samples preparation
Air dried leaves of the plants (200 g) were extracted with methanol: distilled water 80:20 (v/v) 6 times at room temperature by maceration method. The extract was concentrated under reduced pressure to afford methanol extraction. Each extract was phytochemically screened according to the methods described by Yadav and Agarwala.
(Geno) toxicity tests
The neutral red uptake test
The NRU test measures cell viability and is based on the property of living cells to be able to take up neutral red dye into their lysosomes 6 . Dying cells have altered membrane properties and therefore they can no longer take up neutral red (NR). The dye is given to cells in different concentrations allowing the determination of a NI 50 concentration (50% reduction of uptake) by measuring OD 540 .
This test was performed according to well-known standard methods 6 . Cells were plated in 96-well plates (40000 cells per well) and incubated in Dulbecco's modified eagles medium (DMEM) + 10% fetal bovine serum for 24 h at 37°C and 5% CO 2 . Plant extracts were then added in different concentrations for another 24 h. Then cells were washed with phosphate buffered saline (PBS) after which 200 µL of a 0.625 µg/mL neutral red solution is added. After 3 h, cells were again washed in PBS to remove the remaining dye. Addition of 200 µL ethanol/acetic acid (50/1) results in release of the dye from the cells that were placed in a shaking bath until a homogenous color is formed (approx. 1 h). The optical density was then measured with a spectrophotometer. OD 620 was measured as a reference value which is subtracted from the OD 540 . This is the wavelength at which maximal absorption of NR occurs. Absorption of non-treated cells was given a 100% value to which data from exposed cells were compared. SDS (sodium dodecyl sulfate) was used as a positive control.
The bacterial Vitotox test
The Vitotox test is a bacterial assay used for detecting genotoxic substances based on SOS-induction.
7-9 In short, Salmonella typhimurium bacteria TA104-recN2-4 (called the Genox strain) containing a modified RecN gene fused to lux genes of the luminescent marine micro-organism Vibrio fischeri are exposed to the test compound (extract) after which light is measured in a luminometer 7 . Indeed, when DNA is damaged RecN will, together with other genes involved in SOS-induction, be expressed and this results in light production. A signal-to-noise ratio reaching values over 1.5 is indicative of induced DNA damage and hence genotoxicity. To correct for false positives or bacteriotoxic effects, a constitutive light producing bacterial "pr1 strain", or TA 104 pr1, is included in the Vitotox test. This strain is also called the Cytox strain. Here light production should not be influenced by DNA damage whereas decreased light production is indicative of a toxic response. 8 In the Vitotox test both strains were cultivated and then transferred into 96-well plates together with different concentrations of the test agent (here the plant extracts) and with or without a metabolizing S9-fraction (from Moltox Inc., Boone, NC, USA). Cultures were then brought into a luminometer (Modulus Microplate Multimode Reader from Turner Biosystems) at 30°C in which light emission was measured every 5 min in each well during 4 h. 8 In the present investigation plant extracts were tested in concentrations that were based on preliminary dose-finding and toxicity tests using the NRU (neutral red uptake) assay. 6 All experiments were furthermore accompanied by a negative control and a positive control which was 4-nitroquinoline-oxide (4-NQO) without S9, and benzo(a)pyrene with S9.
The alkaline comet assay
The comet assay is one of the most widely used tests for the rapid and easy screening of genotoxicity (DNA damage) in eukaryotic cells. In this test cells are embedded in an agarose gel on a microscope slide which is then placed in a lysing solution with a detergent. After this, the slides are placed in an electrophoresis tray and subjected to an electric current. As damaged DNA strands lose their 'super coiling' the electric field is responsible for the migration of the negatively charged DNA fragments toward the positive pole or anode. This results in a characteristic 'comet-like' figure.
In the presently reported work we used human C3A cells that were grown in 24-well plates (1 ml/400000 cells) during a 24 h period. Then plant extracts were added in different concentrations. Concentrations were chosen based on the results of the NRU test. Cells were trypsinized after another 24 h, brought in PBS and kept on ice to prevent further DNA damage. A 10 µL cell suspension + 300 µL 0.8% LMP (low melting point) agarose was brought on pre-coated slides (1% NMP -normal melting pointagarose). Slides were kept on ice for 5 minutes and then brought in lysis buffer (2.5 M NaCl; 100 mM EDTA; 10 mM TRIS; 1 v% Triton X-100 and 10 v% DMSO). The pH was adjusted to pH=10 with NaOH pellets. The slides remained overnight into the lysing solution.
Slides were then brought into denaturation buffer (0.3 M NaOH, 1mM EDTA in water, t°=17°C, pH=13) in which electrophoresis (20 min, 1 V/m, 300 mA) occurred. After lysis, histones and nucleosomes are removed leaving super coiled DNA behind. DNA damage results in broken DNA fragments and loops that unwind and migrate in the agarose gel. A "comet like" figure is formed that can be visualized after staining with a fluorescent dye. Slides were therefore dried and renaturated in 200 µL H 2 O (10 min) and stained for another 10 min. with 100 µL gelred (1:3300 stock solution). They were then analyzed with an Axio Imager.Z2 (Zeiss) fluorescence microscope with Metacyte and Metafer4 (version 3.8.5) software from Metasystems (Altlußheim, Germany). The percentage DNA in the comet tail was used as the measure of DNA damage. Ethyl methane sulfonate (0.75 mM) was used as a positive control. Two slides were prepared per exposure and a total of 100 cells (DNA comets) were measured, evenly distributed over the two slides.
Statistical analysis
No statistics is needed for the NRU test where we only determined NI 50 values and the Vitotox test where a doseeffect relationship and S/N ratio (Genox over Cytox strain) reaching levels over 1.5 are sufficient to decide about a compounds' genotoxicity. The Mann-Whitney's U-test was used for analysis of comet test data.
RESULTS AND DISCUSSION
We evaluated the genotoxicity of methanol extracts from the 10 Egyptian medicinal plants with the bacterial Vitotox test in our modified Salmonella typhimurium TA104 constructs 7, 8 in the presence and absence of a metabolizing S9 fraction derived from Aroclor treated rat livers, as well as with the alkaline comet assay on a immunological competent immortalized human C3A hepatoblastoma cell line. These cells are derived from human HepG2 cells. They retain many of the properties of the normal human hepatocyte. They have the essential structural, biochemical and growth features of normal human liver cells and have conserved both phase I and phase II metabolic capacities. 11 For this reason, the comet assay was performed in the absence of S9 only.
In this study we used the neutral red uptake test in human hepatocytes (C3A cells) as a preliminary dose-finding test. The NI 50 of the positive control SDS was approximately 0.30 mM (different tests were conducted) which is within the normal historical values of our laboratory ( Figure 1 ). All plant extracts had NI 50 values around 100 µg/mL. Plant extracts were therefore tested in the Vitotox and comet assay in concentrations of maximally 100 µg/mL. An example of the NRU-results is given in for sample 1 ((Ficus nitida) which shows a NI 50 value close to 100 µg/mL.
We chose to conduct our genotoxicity screening with the Vitotox test because it is a suitable, simple and accurate bacterial test for prescreening purposes. The Vitotox test has furthermore the advantage of being rapid and to require minimal amounts of a test compound which gives it an advantage over most other test systems. Compared to the original Ames test the assay format is much faster and corresponds with high throughput screening procedures to a greater degree. The test correlates well with many other test systems (especially the Ames assay) and is up to 100 x more sensitive than the traditional Ames test.
9,12,13
The other test that we employed was the comet assay. This assay has gained widespread use in various areas of research including human biomonitoring, genotoxicology, ecological monitoring and as a tool for research into DNA damage and repair in different cell types in response to a range of DNA-damaging agents. 14, 15 The comet test is important because, unlike for the other cytogenetic tests, no cell cultures or dividing cells are needed. One is also not limited by the number or the appearance of chromosomes that may prevent a chromosome aberration analysis. Other advantages of the test include the fact that it detects low concentrations of a genotoxic compound, that very few cells are required for slide preparation (<10.000 and even approximately 1000 should be enough) and that relatively few cells should be studied per individual or treatment group. Often only 50 cells are studied per sample or concentration. In the early days of comet assay application 50 cells were indeed considered sufficient.
14 Nowadays most scientists agree that it would be much better to study 100 cells per group or individual (e.g., two different slides with 50 cells per slide). Results can be obtained in a few hours compared to other (cytogenetic) methods that easily takes several days. Furthermore, automation is possible.
In the Vitotox tests, we always include a solvent control (untreated bacteria) and a positive control which was 4-nitroquinoline-oxide (4-NQO; without S9) or benzo (a) pyrene (with S9). They both gave the expected response (Figure 2) . Indeed, there was no influence on light emission in the Cytox strain and hence no toxicity or a direct (DNA-damage independent) influence on 'lux', whereas there was an increased S/N ratio in the Genox strain reaching values well above 1.5, indicating genotoxicity. All No S9: All concentrations tested are highly toxic. Therefore we cannot evaluate genotoxicity. With S9: The highest dose is still very toxic. Other doses are not toxic and not genotoxic. CONCLUSION: Toxicity prevents to adequately evaluate genotoxicity of the sample in the absence of S9. With S9 the sample is not genotoxic.
Ampelopsis brevipedunculata (sample 5) Tested at concentrations of 0.5, 5 and 50 μg/mL.
No S9: Only the lowest concentration (0.5 μg/mL) is not toxic. This is also not genotoxic. Other doses are difficult to evaluate because of the toxic response. With S9: Highest dose is still toxic. Remaining doses are not genotoxic. CONCUSION: 0.5 μg/ml is not genotoxic but higher doses cannot be adequately evaluated due to a toxic response.
Derris robbusta (sample 6) Tested at concentrations of 1, 10 and 100 μg/mL.
No S9: Highest concentration is toxic. Other concentrations are not genotoxic. With S9: Borderline genotoxicity at highest concentration (100 μg/mL; S/N in Genox strain ~ 1.5) but because there is some increased light production also in the Cytox strain (and S/N of Genox over Cytox < 1.5) the conclusion remain "not genotoxic". CONCLUSION: not genotoxic at doses less than 100 μg/ml. Bauhinia racemosa (sample 7) Tested at concentrations of 1, 10 and 100 μg/mL.
No S9: Here only the lowest tested concentration (1 μg/mL) is not toxic and also not genotoxic. Higher concentrations (10 and 100 μg/ml) cannot be evaluated with respect to genotoxicity because they are too toxic. With S9: Not genotoxic but highest dose shows signs of toxicity. CONCLUSION: Not genotoxic at lowest dose. The conclusion on higher doses may be questionable due to toxicity.
Lagerstroemia tomentosa (sample 8) Tested at concentrations of 1, 10 and 100 μg/mL.
No S9: Highest concentration (100 μg/mL) is toxic. Other doses (10 μg/mL) are not genotoxic. With S9: not genotoxic. CONCLUSION: Not genotoxic at concentation of 10 μg/mL).
Cichorium intybus (sample 9) Tested at concentrations of 1, 10 and 100 μg/mL.
No S9: Only the lowest dose (1 μg/mL) can be studied (others are toxic). 1 μg/ml is not genotoxic. We cannot say for higher concentration because of too much toxicity. With S9: highest dose toxic. Other concentrations were not toxic and not genotoxic. plant extracts were tested at least twice in the Vitotox test.
Only extract 1 (Ficus nitida) gave contradictory results in the absence of S9 in the first two assays and therefore 4 different tests were performed with changing concentrations of the extract. For this extract, repeat tests did not always give the same result in terms of genotoxicity and toxicity and interpretation of the data was therefore difficult. Figure 3a shows a genotox effect at the highest concentration (100 µg/mL; S/N> 1.5). This concentration also gave a toxic response as indicated in Figure 3b (S/N <<0.8). However, three repeat studies showed no genotoxicity, but toxicity was sometimes found at concentrations as low as 5 µg/mL (an example is given in Figure  3c-d) . Because of absence of a genotoxic response in all but one test we yet concluded that this extract was not genotoxic but only low doses could be accurately tested. This sample was also non genotoxic in the presence of S9, and S9 apparently had a detoxifying effect (S/N ~ 1, Figures 3e-f) .
The other samples were clearly non-genotoxic but some concentrations often also presented a toxic response. This is indicated in Table 2 which gives a summary of the results based on interpretation of graphs similar to those of Figures 2 and 3 . When light emission was lowered to values well below S/N =0.8 we concluded that the concerned concentration of the extract was toxic although decreased light production may potentially have other, unknown reasons. The Vitotox test thus indicated toxicity at concentrations that were sometimes well below the NI 50 value as determined according to the NRU test. This is not surprising as it is established that this bacterial genotoxicity test is very performing when pure single compounds are tested but that the interpretation of results from tests of complex mixtures, as are plant extracts, sometimes are more difficult due to an apparent toxic response and/or irregular dose-response curves.
9,16
Toxicity according to the Vitotox test may also be due to another mechanism as that detected by the NRU assay. The Vitotox test never the less remains an interesting screening test which correlates very well with the Ames assay. 8, 12, 13 Our results indicate that none of the extracts are mutagenic (genotoxic). This should however be confirmed by another test as reliability at higher concentrations was not always certain. This is another reason why we also conducted the alkaline comet assay in C3A cells.
In the comet assay different endpoints can be investigated, especially when analysis is done with an automated or semi-automated image analysis system. Examples are the total intensity of each comet, its tail length, % DNA in the comet head, % DNA in the comet tail and tail moment. It is our experience that the % tail DNA gives the most reliable measure. This is confirmed by literature data and is probably due to the fact that generally, % tail DNA covers the widest range of DNA damage. Figure 4 gives the mean DNA comet tail frequencies (%) in function of the concentration tested. Standard deviations were rather large but this is quite normal as tail DNA contents can theoretically be from 0 up to 100% and a few cells with deviating tail DNA contents are sufficient to produce large standard deviations. The positive control was ethyl methane sulfonate (EMS; 0.5 mM). For each data point 100 cells were studied. It can be seen that all extracts in the three tested concentrations did not induce DNA damage as comet tail DNA contents were similar to those of the solvent control. None of the extracts and concentrations were found genotoxic according to the Mann-Whitney U-test (p>0.05). It may yet be noted that most DNA damage was seen for extract 6 (Derris rubusta) which was also 'borderline-genotoxic' in the Vitotox test.
17,18
Both, the bacterial Vitotox test and comet assay thus reached similar conclusions.
None of the extracts were thus found genotoxic but extract 6 was borderline genotoxic in both tests and hence it merits further attention and should possibly be further investigated. It should be noted that this extract was also different from the others in terms of their phytochemical analysis. Indeed, preliminary to our genotoxicity studies we conducted a phytochemical analysis of the extracts. We did not presented the results in this paper but a summary is given in Table 3 . It shows that the extracts contain several interesting bio-active compounds such as flavonoids, carbohydrates, tannins and triterpenes. Derris robbusta however, which proved to be the most active extract also contains alkaloids and coumarins. The significance of this in terms of toxicity and genotoxicity remains unclear, 
CONCLUSION
The genotoxicity of ten methanol extracts of Egyptian medicinal plants were investigated with two complementary in vitro genotoxicity tests. None were shown to be genotoxic but Derris robbusta may need further investigations due to borderline genotoxicity in both tests.
